Abstract Coal ash produced from thermal power plants as a substitute for conventional construction material has increased considerably in recent years. In the past, studies on partial replacement of soil were carried out with a single type of ash. Because of the insufficient evidence, limited research has been initiated on the productive usage of Fly and Bottom Ashes. This paper aims to study the properties of these materials and investigate their efficacy in road construction. Laboratory investigations were conducted to assess chemical and physical properties and mechanical performance to evaluate both ash types in pavement construction. The rutting factor is calculated for various combinations of coal ash materials with the addition of polypropylene fiber as a reinforcement in increments of 0.1% of its total weight with an aspect ratio of 200. The analytical tool ANSYS is used to validate the service life, vertical strain and quality of reinforced ash materials.
INTRODUCTION
In developing countries like India, the naturally available materials of aggregates and soil are used for road construction and hence result in a severe scarcity of these conventional materials [2] . Fig.   1 implies the production of fly ash and bottom ash with their respective percentages of usage (rather than disposal) in the United States. It reveals that, on average, more than 45% of ash is meant to be disposed of without any proper utilization [9] . Coal-based thermal power plants are the major source of power generation in India, thermal power plants produce more than 130 million tons of fly ash per year as a waste product, out of which merely 35% is utilized. Fly ash which can be used in a huge manner is available free of charge at thermal power plants [8] . The flowability of a soil fly ash mixture was considerably improved with the addition of fly ash in flowable fill [21] . The strength of a road depends on subgrade soil strength; if the strength of the soil is insufficient, it should be strengthened via soil stabilization techniques with a suitable combination of ash mixtures [11, 19] .The coefficient of permeability (k) of ash combinations, started to decrease slightly with each additional increment of fly ash [15] . Ash used to reduce the pavement thickness and cost of the construction [5] . Fly ash embankment has been used in over ten countries since it has several advantages like low unit weight and high shear strength [3] . The ANSYS computer code will predict the stress-strain characteristics and distribution on each layer of a pavement and it acts as a damage prediction parameter [1] . This paper focuses mainly on the study of the geotechnical properties of reinforced ash as the mixture of fly ash and bottom ash with polypropylene fibres and its performance is evaluated using ANSYS.
MATERIALS USED

FLY ASH AND BOTTOM ASH
Class F fly ash and bottom ash, grey colour and black colour respectively as a byproduct obtained from the Neyveli Lignite Corporation.
POLYPROPYLENE FIBRE
Fibre with an aspect ratio of 200 collected from Tashi Reinforcements, Nagpur, is used in this study. This fibre is used as a reinforcement to improve the CBR value and enhance the stress-strain properties of an ash material. The content proportions of the fibres and their aspect ratio decides the strength parameters of the materials used [18] .
TESTS AND RESULTS
GRAIN SIZE ANALYSIS
The gradation process involved as per IS2720-Part4, for fly ash, bottom ash, and combined mixtures of fly and bottom ash. Indian Standard (IS: 2720) is the code book referred in India regarding the testing method of various types of soil; this code reveals the basic properties of a material and its suitability for the environment. The gradation implies that the fly ash sizes occurred within the range of 0.001 mm to 0.075 mm and the mixture of bottom ash increases the curvature to nearly 0.075mm, and hence proves to be a better graded mixture.
CHEMICAL COMPOSITION
The presence of silicon di-oxide in fly ash is known to be higher than the bottom ash and hence class F fly ash possesses more pozzolanic properties, whereas loss on ignition (LOI) for bottom ash is comparatively much higher, and while on combination of both type of ash we obtain less than 10% LOI. The issue of leaching is minimum.
SPECIFIC GRAVITY
Specific gravity of coal ash is decided by the chemical composition and amount of hollow particles present within ash materials [6] . The values obtained for the specific gravity of fly/ bottom ash and mixtures ranged from 2.35 to 2.7. A higher amount hollow particles results in lower specific gravity thus hollow particles and specific gravity are inversely proportional.
COMPACTION CHARACTERISTICS
A modified Proctor compaction test is done as per IS2720-Part 8 and the relationship between optimum moisture content (OMC) and maximum dry density (MDD) is obtained. The ash is meant to be reinforced by polypropylene fibres (PPF) increments of 0.1% of total sample weight. At the point of addition 0.5% of weight, the results show a balling effect. Hence it is limited to 0.5% and 
pH AND CONDUCTIVITY
The pH of the sample is noted in the range of 8.49-9.82, showing that it possess alkaline characteristics. A falling head permeability test is performed a using standard compaction mould, a substantial head loss occurs through the thick porous stone in the base. A specimen with an increased amount of dry density probably has more of a reduction in hydraulic conductivity [11, 20] . The conductivity of reinforced bottom ash is reduced when the reinforced fly ash content increases.
DIRECT SHEAR AND CALIFORNIA BEARING RATIO
The direct shear test is conducted to determine the angle of shearing resistance of bottom ash, fly 
FINITE ELEMENT ANALYSIS AND VALIDATION
DETERMINATION OF MODULUS OF ELASTICITY
The modulus of elasticity (E) for each layer is required to obtain the stress-strain characteristics in ANSYS. The CBR test is the traditional method to calculate the modulus of elasticity by developing equation (4.1) for the modulus of subbase reaction [10] .
The base material used in the present study was of water bound macadam (WBM) type as this material 
MODEL DIMENSIONS AND MESHING OF PAVEMENT
A typical ANSYS analysis has three distinct steps: building a model, applying loads, and reviewing the results [20] . As per the Indian Code of Practice (IRC: 37-2001), the thickness of each layer above the subgrade is designed for an assumed design traffic intensity of 100 million standard axles (msa). Fig 4 shows the various layers 'pavement thickness (cm). 
EVALUATION OF STRAIN CHARACTERISTICS
ANSYS was effectively used to measure the vertical strain at the top of the subgrade layer. The multilinear isotropic elastoplastic hardening model was employed to measure the vertical strain at the top of the subgrade layer by applying uniform pressure of 575kPa. 
LABORATORY VALIDATION OF ANSYS
The plate load test was conducted in a laboratory on a small scale of application of the load for the purpose of validating the ANSYS program with a field study. The main aim of this study is to conclude whether the strain characteristics obtained in the laboratory are behaving similarly to the finite element discretization through ANSYS. 
EFFECT OF SUBBASE MATERIALS ON PAVEMENT RESPONSE
The performance of reinforced ash material in the subbase layer was analyzed through sensitivity analysis by changing the thickness of the subbase [17] . The quality is analyzed by the E values obtained. The vertical strain at top of the subgrade layer at its maximum in the case of fly ash, followed by BA (50%) + FA (50%), BA (25%) + FA (75%), BA (75%) + FA (25%), bottom ash. 
ESTIMATION OF PAVEMENT LIFE
Due to an application of a load by a wheel above road results in the formation of vertical Where NR -the number of cumulative standard axles to produce rutting of 20mm, €Z -vertical subgrade strain. Laboratory test results imply that out of five combinations, the fly ash (100%) and BA (50%) +FA (50%) mix is the strongest combination material hence its service life is more than 70%. Bottom ash and fly ash of a 50/50 percent combination can be used in the subbase for flexible pavement since it moderately performs hydraulic conductivity.
CONCLUSIONS
3. Fly and bottom ash can be used in embankment and subgrade mixes, hence the value of CBR is more than 5%.
Bottom ash has a high LOI compared to fly ash, and in a combination of 75 percent fly ash and 25
percent bottom ash where it has the normal loss on ignition (LOI) of 6.25%.
5. The pH implies that the ash and ash mixtures are meant to behave as acidic.
6. The vertical compressive strain attained consistently decreases with an increases in subbase total thickness and hence prolongs the lifespan of the pavement; the thickness of the subbase can be increased with the low cost of reinforced ash mixtures.
7. Rutting as a failure criterion implies that fly ash and a 50percenat combination of reinforced fly ash and bottom ash is known to have a comparatively higher service life (more than 70%).
8. The laboratory plate load test implies that results obtained are about 92.6 percent similar. Apart from the present study more research needs to be done on various combinations of other industrial waste materials in order to reduce the scarcity of conventional materials. 
